All lipids used in this study 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), 1,2dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoylsn-glycero-3-phospho(1-rac-glycerol) (POPG) were purchased from Avanti Lipids Polar, Inc®. HEPES, phosphoric acid (H 3 PO 4 ), ytterbium chloride hexahydrate (YbCl 3 ·6H 2 O) were purchased from Sigma-Aldrich®.
1 H decoupled 31 P NMR spectra of flipped macro-nanodiscs (prepared by the addition of 0.5, 0.8, 1, 1.5 or 2 mM of YbCl 3 salt to macro-nanodiscs) were acquired using the following parameters: 5 μs 90° pulse, 30 kHz continuous wave 1 H decoupling, 64 scans, and a 4s recycle delay. Onedimensional 14 N NMR spectra were recorded using the quadrupole-echo pulse sequence 6, 7 with a 90° pulse length of 4.5 μs and an echo-delay of 1.2 ms. 14 N magnetization was acquired using 30 ms acquisition time, 4000 scans and a recycle delay of 1.5 s with no 1 H decoupling. Two-dimensional 13 C/ 1 H- 13 C SLF experiments were performed on DMPC:SMA-EA and DPPC:SMA-EA polymer macro-nanodiscs in their respective fluid lamellar phase temperatures. The following experimental parameters were used for the 2D SLF experiments: 5 μs 90 0 pulse, 8 μs 180° pulse, 50 kHz RF field strength for the BLEW-48 8 pulse sequence to suppress 1 H-1 H homonuclear dipolar couplings during the t 1 period, 128 t 1 increments, 40 kHz 1 H SPINAL-64 9 decoupling of protons during the acquisition of 13 C signal, 128 scans, and a 4s recycle delay. 
Phosphorus-31 NMR spectra of aligned macro-nanodiscs:
A static 31 P NMR spectrum of multilamellar vesicles (MLVs) of DMPC (or POPC) lipids spans from ~-15 ppm to ~30 ppm; therefore, the total span of the axially symmetric 31 P chemical shift anisotropy (CSA) powder pattern is ~45 ppm as reported in the literature 10 , which depends on a number of factors including the level of hydration, ions and temperature. Importantly, this CSA span also vary with the extent of motion in the sample. For example, the 31 P CSA span observed for LUVs depends on the size of the vesicle 10 ; it was shown that the 31 P CSA span varies from ~45 ppm for 1000 nm (diameter) LUVs to ~27 ppm for 100 nm). Since the size of macro-nanodiscs are much smaller than that of MLVs or large LUVs (1000 nm), the 31 P CSA span for macro-nanodiscs should be smaller than that observed for 1000 nm LUVs); for example, the CSA span for bicelles are small. In addition, there are other factors that could influence the 31 P CSA parameters for the nanodiscs investigated in this study: (a) the interaction of Yb 3+ ions with the lipid head group and (b) the shape of the nanodiscs that is different from the spherical shape of an LUV. Therefore, the motionally-averaged 31 P CSA for nanodiscs should be smaller than ~45 ppm. So, if one assumes a motionally-averaged 31 P CSA span of ~38 ppm for macro-nanodiscs, then the values can be expected to be +25.3 ppm (for the parallel orientation) and -12.7 ppm (for the perpendicular orientation). Since the isotropic 31 P chemical shift value is -2.9 ppm (relative to 31 P chemical shift of 100% phosphoric acid at 0 ppm) for the nanodiscs reported in this study, the above-mentioned values would become +22.4 ppm (for the parallel orientation) and -15.6 ppm (for the perpendicular orientation). The observed values for the nanodiscs are +20 ppm and -17.9 ppm. These values (+20 to -17.9 ppm, with an experimental error of 0.5 ppm) are close to the expected values (+22.4 to -15.6 ppm); while the difference between these values may be attributed to the effect of Yb 3+ ions on the CSA, a systematic study to evaluate this effect could be useful; a detailed study on the interaction of Yb +3 ions with lipids can be found in a recently published paper. 11 Table S1 . Experimentally obtained 1 H-13 C dipolar couplings and CH order parameters measured from SMA-EA polymer macro-nanodiscs containing DMPC or DPPC. The DMPC lipid acyl chain order parameters measured from vesicles reported in the literature [12] [13] [14] [15] compare reasonably well with our experimentally measured order parameters.
